(p = 0.0023; Q4/Q1 hazard ratio 1.29, 95% CI 1.10-1.52). The gradient for stroke case-fatality was marginally significant (p = 0.058), though the OR for Q4/Q1 (1.71, 95% CI 1.13-2.25) was large. Conclusions: Both stroke incidence and case-fatality in REGARDS appear to be contributing, underscoring the need for strengthening both stroke prevention and acute stroke care in order to reduce the disparity.
North Carolina, South Carolina, and Georgia [6] . The high stroke-risk counties in the stroke belt exhibit 3-4 times the rate of death from stroke seen in low-risk counties from other regions [7] . While these differences are smaller than the approximate, tenfold difference in stroke mortality between nations, they are striking in that they occur within a much smaller geographic area despite presumably narrower differences in social and environmental conditions [8] [9] [10] .
Death rates from stroke, as for other causes, are the product of 2 components -the rate of disease events (incidence) and the proportion of these events resulting in death (case fatality), that is, mortality = incidence × case fatality. The question whether incidence or case fatality is contributing to the geographic disparity has significant implications: (1) if variation in incidence is the driving factor, then reducing the geographic disparity requires population-based preventive interventions to reduce the higher stroke event rates in the high mortality regions; while (2) if variation in case fatality is the driving factor, then modification of the health care system serving acute stroke victims must be addressed.
Because the United States lacks a national surveillance system capable of providing data on stroke incidence and case fatality, data have been unavailable on how either component relates to the geographic variation in stroke mortality. However, the Reasons for Geographic and Racial Differences in Stroke (REGARDS) Study provides data on a large population sample of blacks and whites across the United States and offers the opportunity to assess both stroke incidence and case fatality by the county of residence.
The heterogeneity in stroke mortality over relatively short distances implies that analysis by areas as large as states would tend to obscure true variation. Analysis at the county level allows the required precision in defining the areas to be compared and assuring sensitivity to detect geographic associations between factors of interest and occurrence of stroke events.
Methods
We first assessed whether geographic patterns of overall stroke deaths in the REGARDS Study parallel those reported in US Vital Statistics, including all types and both first and recurrent stroke events. If so, this would demonstrate consistency between the REGARDS Study and the US Vital Statistics information. Subsequently, we addressed our central question with respect to geographic variation: whether stroke incidence, case fatality, or both, among REGARDS Study participants are predicted by the gradient of county-level US stroke mortality. Cerebrovascular disease mortality (inclusive of ICD10: I60-I69) at the county level is derived from stroke deaths as reported by the NCHS [11] . Validity of ICD10 codes in this category has been reported as ≥ 82% sensitive and ≥ 95% specific [12] . Because counties with small populations have highly unstable estimates of stroke mortality, NCHS has provided 'smoothed' race-specific, county-level rates for the years 2005-2007 and 2008-2010, for persons aged 35 years and over [13] .
The Predictor Variable: County-Level Stroke Mortality, US
From these data, quartiles of US stroke mortality were developed separately for blacks and whites because (1) stroke mortality is dramatically higher for blacks than whites; (2) the pattern of geographic disparity in stroke mortality differs slightly for blacks and whites; and (3) there are a substantial number of counties with an insufficient black population to provide stable estimates. NCHS excludes estimates from counties with either less than 100 population-years of exposure or fewer than 20 events within the subject and adjacent counties, and we deleted such counties from analysis. Of the 3,109 counties in the continental United States, 27 were excluded for whites and 1,562 for blacks, thereby making analysis possible in 3,082 and 1,547 counties, respectively. We then averaged the 2 smoothed race-specific NCHS estimates for these counties and calculated race-specific quartiles. The geographic distributions of these rates, with their corresponding race-specific quartile ranges, are mapped in figure 1 . For whites, the median mortality/100,000/year within each quartile was 72. 8 Only persons aged 45 years or older were eligible, as too few strokes would be expected to occur below age 45 to add power to the study [14] . The study oversampled residents of the stroke belt/buckle (56% of participants), with the remaining 44% of REGARDS participants drawn from residents of the other 40 contiguous US states, with participants from 1,833 US counties (approximately 60% of the counties in the continental United States). Details of the sampling approach and baseline evaluation were published previously [14] . Of the eligible participants contacted, the cooperation rate was 49%. The recruitment design did not afford an opportunity to assess characteristics of individuals not included in the final sample.
For consistency with US stroke mortality statistics (which do not distinguish between deaths from first or recurrent strokes, nor between or stroke subtypes), we include all REGARDS physicianadjudicated stroke events during follow-up, including those with prior stroke at baseline, and regardless of stroke subtype.
Telephone surveillance for potential stroke events was conducted at 6-month intervals, with medical records retrieved and physician-adjudicated for all suspected strokes. All-cause mortality is ascertained through active follow-up with participants or their proxies and searches of both the Social Security Administra- [15] and the National Death Index [16] . We define an incident fatal stroke as death within 30 days of a physician-adjudicated stroke event. An incident stroke is defined as a physician-adjudicated fatal or nonfatal stroke detected during follow-up. Case fatality is defined as the proportion of participants who suffered an incident stroke and died within 30 days of this stroke event.
Our analysis proceeded in 3 main steps: (1) Examination of the heterogeneity of county-specific levels of stroke mortality even within regions traditionally defined as the stroke buckle, stroke belt, and the rest of the nation. (2) Assessment of the geographic pattern of incident fatal strokes within REGARDS by quartile of stroke mortality in US Vital Statistics. Consistency in this comparison would support the representativeness of the REGARDS Study population. (3) Analysis of the REGARDS outcome data for incident stroke events and case fatality by quartile of county-level US stroke mortality predicts parallel gradients in stroke incidence, case fatality, or both. Associations between US stroke mortality data and incident fatal stroke rates and all incident stroke rates in REGARDS were assessed using Poisson regression and proportional hazards analysis, while logistic regression was used for case fatality rates. Potential interactions with race were assessed by a race-by-quartile term, with an a priori plan to pool black and white populations and adjust for race if that term was nonsignificant (p > 0.10).
Results
Of the 30,239 REGARDS participants, we excluded 56 (0.2%) due to data anomalies, and 11 (<0.1%) for whom the county of residence could not be definitively determined. Of the remaining 30,172, follow-up was available on 29,650 (98.3%), who served as the basis for these analyses. As shown in table 1 , the distributions of participants by sex and race were balanced across quartile groups. Table 1 also shows that REGARDS Study participants living in quartile 4 (Q4) counties were most often residents of stroke buckle (33.6%) or stroke belt (51.6%) counties and least often residents in the rest of the nation (14.8%). As shown in figure 1 , the heterogeneity of stroke mortality by county throughout the United States demonstrated both the existence of counties with low-stroke mortality in the stroke buckle/belt regions and by the existence of high-stroke risk counties in the rest of the nation.
The underlying numbers of REGARDS Study participants, incident stroke events, fatal stroke events, and person-years of exposure during follow-up are shown in ta- The key findings for fatal strokes, any incident stroke, and case-fatality according to quartile of US stroke mortality are shown in table 3 . We found no evidence of interaction between race and fatal stroke (p = 0.24), incident stroke (p = 0.82) or case fatality (p = 0.39); therefore, data for blacks and whites are pooled with adjustment for race.
For incident fatal strokes in REGARDS, a significant gradient of rates roughly parallels that of the quartiles of US stroke mortality, greater for Q4 with the hazard ratio (vs. Q1) of 1.95 (95% CI 1.35-2.81; table 3 ). The rate for Q2 is greater than that for Q3; however, the test for linear trend assessing increasing risk of fatal stroke across quartiles was clearly significant (p = 0.0025).
For total incident stroke events (fatal + nonfatal), rates increase monotonically across quartiles of US stroke mortality, and the observed gradient is highly statistically significant (p = 0.0023). However, the magnitude of the hazard ratio for Q4/Q1 (1.29, 95% CI 1.10-1.52) is notably less strong than that for fatal stroke ( table 3 ) .
For stroke case fatality ( table 3 ) , the gradient of ORs is irregular with a linear trend just short of significance (p = 0.058). However, the strength of the association (Q4/Q1 OR 1.71, 95% CI 1.13-2.59) appears to be greater than that for incident stroke.
Discussion
The documented geographic disparity of stroke death rates is attributable in part to geographic variation in both incidence and case-fatality. This finding contrasts with our recent report from REGARDS on the racial (blackwhite) disparity, which is nearly completely attributable to variation in incidence and not case-fatality [17] . The latter finding suggests that while management of acute strokes is more nearly equivalent between blacks and whites, the racial disparity in stroke death rates is driven by differences in risk prior to occurrence of a stroke.
The Main Observations
Long-recognized geographic disparities in US stroke mortality persist [5, 18] . The search for answers has included studies of stroke prevalence [19] , but because prevalence reflects both incidence and case fatality, it is uninformative for the purpose of the present analysis. A few reports have suggested that differences in incidence could be a contributing factor to the geographic disparity [20] . Further, there have been suggestions that whatever be the factors that account for the stroke belt, the impact may be larger in blacks [21] . However, in none of the 3 predictions in the present analysis -of fatal stroke, incident stroke, nor stroke case fatality -is there statistical evidence of race-by-trend interaction, supporting pooling of blacks and whites in this analysis. The observation that the geographic pattern of fatal strokes aligns well with the Vital Statistics pattern for stroke mortality provides external validation of observations from the study. This validation offers assurance regarding the reasonable nature of the steps of addressing our central question: does incidence, case fatality, or both determine this geographic variation?
Both incidence and case fatality appear to be determinants of geographic variation in stroke mortality. Strength of association, as measured by the observed hazard ratios and ORs, somewhat favors case fatality, but the irregularity of the gradient in this association is problematic. Consistency of trends favors incidence over case fatality, given clearly statistically significant results for the first but not for the second. The present findings in the United States are congruent with previous international reports suggesting that overall temporal declines in stroke mortality reflect the joint impact of both lower incidence and reduced case-fatality [22] [23] [24] . This is a potentially fruitful, though not simple, answer to the question. Incidence as a determinant would be expected to affect stroke risk chiefly through environmental exposures, and reduction of the geographic disparity would require focused efforts to prevent stroke especially in the regions of highest stroke incidence. This suggests further search for county-level characteristics that could be the sources of such exposures, and for effective community-and population-based interventions, potentially preventing the development of stroke risk factors or improving their control. Case fatality as a determinant would be expected to reflect stroke severity or acute stroke care, suggesting a need for intervention in the health care system to improve stroke outcomes especially in regions with highest case fatality.
These interpretations require qualification in light of the strengths and limitations of the REGARDS Study. The composition of the REGARDS Study population is specifically designed for investigating the geographic disparity in stroke mortality. Rigorous methods of case ascertainment and diagnostic adjudication provide assurance of the quality of the REGARDS data, and we have already accrued more than 1,300 stroke events, supporting the analysis reported here. Among its other strengths, Table 3 . Estimated rates of fatal stroke and incident stroke per 100,000 per year (95% CI) adjusted for age group (45-64, 65-74, 75+) , race, sex and the age group × race interaction; and hazard ratios compared to low-mortality counties (Q1; 95% CI) similarly adjusted; and number of fatal strokes (death within 30-days of incident stroke) and total incident stroke events; percentages of fatal stroke events, and 95% CIs for the percentages of fatal strokes; and ORs and 95% CIs (relative to the low mortality counties, Q1) for fatal stroke after adjustment for age group (45-64, 65-74, 75+), race, and sex. REGARDS is one of few studies with truly wide geographic heterogeneity among its participants and with precision to document true trends across quartiles of mortality rates. The data for US stroke mortality at the county level were less precise, resulting in less stability of quartile-level estimates and an expected departure from a strictly monotonic trend. Therefore, our a priori approach for testing for association was to test overall linear trends, which in effect average the patterns across quartiles. Thus, they reflect our hypothesized general increase in stroke events (incidence or case-fatality) in counties with higher Vital Statistics stroke mortality. A key limitation lies in the numbers of fatal strokes observed to date: larger experience, with further followup of the aging REGARDS cohort, is expected to afford still greater statistical precision, possibly strengthening results that are only marginally nonsignificant in the present analysis. Further insight to both community factors determining stroke risk and health system factors affecting outcomes of acute stroke will be needed to achieve an increased impact of effective interventions.
Also, with a cooperation rate of 49%, it is possible that the study population may not be strictly representative of the general population; however, the geographic pattern of fatal stroke in the cohort and in the Vital Statistics data is reassuring on this point. Finally, while within the REGARDS study population strokes are classified by subtype, this is not true for approximately half of the stroke deaths recorded in the Vital Statistics system, which are coded as I64: stroke, not specified as hemorrhage or infarction. This limitation, common to many large stroke databases, precludes fully assessing agreement between REGARDS and US Vital Statistics as to stroke subtypes.
The REGARDS Study experience to date suggests that both stroke incidence and stroke case fatality contribute to the persisting geographic disparities in stroke mortality. To eliminate these disparities, intensified research is warranted on both components of stroke mortality, with a dual focus on primordial or primary stroke prevention to reduce the impact of higher stroke incidence in the high-stroke mortality regions, plus ensure improvements in health care once a stroke has occurred to reduce the impact of higher case-fatality in the high-stroke mortality regions. Focusing solely on either is unlikely to eliminate the disparity.
